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INTRODUCTION
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At the present time, an Army-wide modernization program is underway to up- E
grade existing installations and to develop new explosive manufacturing and LAP
(Load, Assembly, Pack) facilities. This effort will enable the US Army to achieve
increased prodaction cost-effectiveness with impvoved safety. As a part of this 3
overall program, the Marufactering Technology Division, Large Caliber Weapon Sys-
tems Laboratory, ARRADCOM, Dover, New Jersey, is engaged in the development of 3
; safety criteria as an activity entitled "Safety Engineering in Support of Ammuni- ;
3 tion Plants." These criteria will be used as part of the basis for the design of 3
explosive production installations due for modernization, including Government- 3
34 owned, contractor-operated ammunition plants. The activities covered in this re- S
K port provide safety data to specifically support modernization activities of the 4
3 MRC Corporation in the development of the prototype Automated In~nection Equipment E
{AIE) for the M55 Stab Detonator.
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The AIE for the M55 Stab Detonator requires a 100 percent inspection of fin- 3
isted stab detonators. It is configured into four identical inspection modules. 4
The inspection equipment has a through-put requirement of 200 ppm, with each
wojule operating at 50 ppm. The modules use an indexing dial with e nominal cycle
time of one second (750 millisecond dwell). A pnewmatiz peces trinsfer method is 3
3 employed for the in-feed. Since this is a new des<igzn techni ne, <weciments of 2
3 this study werc conducted to determine the safety of the pnaumatic transfer system.

The objective of this study was to establish the effectiveness of the planned
tRC automatic detonator inspection machinz and suppcrtive conveying systems to 3
prcvide suppression of accidental detonator initiationms.
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MATERIAL 3

M55 Stzl Netonators werw vez.iv- ! f£3om the Lone Star Army Ammunition Plant,
Lot Numwer LUS$-307-125, manufacty wd 2-77--80. The detonators were received pack-
aged 50 detcnators per cardboacd .r.x. 20 trays per carton, and five cartons per
wooden bux. -3

Sy

MRC provided the dial indexing integrity test fixture and tube-to-dial inter~
9 face adapter. A Deltron Fluid Products metering valve, model EFC 20, was later

supplied by MRC for the indexing dial integrity test and the shipping tray integ-
rity test.
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TEST PLAN

The test program was divided into six phases: phase 1, input/foutput trans-
fer tube tests; phase 2, intra-tray propagation; phase 3, indexing dial spacing;
phase 4, reject detonator container; phase 5, indexing dial nest integrity tests;
and phase 6, shipping tray integrity tests. Each phase is described in detail.

Phase t: Input/Output Transfer Tcsts

The objective of these tests was to determine the effectiveness of the lexan®
cover shield 38.1 mm (D by 32.0 mm ID by 609.6 mm long (1.5 in.x 1.26 in x 24 in)
to cortain an accidental detonator imitiation within the tramsfer tube. A series
of 50 tests were to be conducted where a single detonator was to be pneumati.ally
propelled through an inner transfer tube [6.35 mm OD by 4.138 mm ID (0.25 in.by
0.17 in) Poly-Flo #44P plastic tubing with 2758 kPa (400 psi) burst pressure}
aifgnad with a second stationary detonator (acceptor) in a parallel transfer tube
(figure 1). A total of 10 exploratory and 50 confirmatory tests were to be con-
ducted. The observed results were to determine if the outer shield remaired iantact.
A second series of tests were to be conducted employing multiple detonators in the
transfer tube a2t the same time to determine the maximum quantity of detonators that
could be initiated without rupturing the outer Lexan® shield. Once this upper unit
of detonator initiations was determined, 10 confirmatory tests were to be conducted
for statistical validity.

Phase 2: Intra-tray Propagation Tests

The objective of this test series was to determine potential detonations with-
in locations of the loading and transfer trays of various designs and materials.
Data were also to be provided zs to the height of the Lexan® shield that is located
above the transfer trays. A single aluminum pallet filled with 50 stab detonators
was to have a detonator initiated from the bottom by a starter pin. A Lexan® shield
12.7 wm thick by 152.4 mm wide by 609.6 mm long (0.5 in.by 6 in.by 24 in) was to be
positioned at an initial height of 15.05 mm (0.75 in) above the pallet (figure 2).
If intra-propagation occurred, the height or the Lexan® shield was to be raised to
a maximum height of 63.5 mm (2.5 in). 11 intra-propagation occurred at this height,
the acceptor pallets, one on each side ol the donor, would be tested for minitwum
safe separation distance between paxllets. A total of 50 confirmatory tests were to
be conducted in the intra-propagation configuration and 25 confirmatory tests in thez
inter-tray propagation configuraticn.

Phase 3: Indexing Dial Spacing

The objective of this test series was to determine if the proposed detonator
separation of the inspection machine indexing dial was sufficient to prevent propa-
gation of an explosive incident. The faspection machine rotates the detonators
throuzh the various inspection points on a circular indexing dial that receives and
meets the detonators at the input station, and finally ejects the detonators at the
output station. Within the machine, the dectonators are equally spaced around the
circunference of the indexing dial. MRC supplied a test fixture (figure 3) to
simulate the equal spacing of the dial test fixzure. An acceptor detonator was to
be oriented in the same manner as the donor at a distance of 49.78 mm (1.96 in).

A firing pin was to be used to initiate the donor. Acceptance criteria was to be
the non-propagation of the acceptor. A total of 50 tests (10 exploratory and 40
confirmatory) were tc be conducted in this configuraiion.
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Phase 4: Rejected Detonator Contalner

During the normal operation of the inspecticn machine, any detonator that is
rejected is transferred 1o a separate container within the inspection machine.
Whenever the quantity of rejected detonators exceeds a predetermined number, a
signal is sent requiring that the reject contaimer be emptied. The objective of
these tests was to determine the structural integrity of the proposed detonator
Teject container and the wmaximum quantity of detonators in the event of initia-
tion. The initial test series was to be conducted on the test fixture (figure 4).
Varying numbers of detonators (150 to 500) were to be placed inside the reject con-
tainer in a styrofoam cup and initiated with a J2 blasting cap. Static pressure
and temperature measurements were to be obtained.

Phase 5: Indexing Dial Nest Integrity Tests

The inspection machine indexing dial nest receives the detonators from the
transfer tube via pneumatic transfer. Maximum pressure in the event of regulator
failure is 689 kPa (100 psi) and the normai transfer pressure is 345 kPa (50 psi).
The transfer pressure is forced through a metering valve so that the transient
time averages 325 milliseconds for a 1.22-meter (4-foot) distance. The test setup
is shown in figure 5. A minimum of 50 tests (10 exploratory and 40 confirmatory)
were to be conducted in this configuraticn.

Phase 6: Shipping Tray Integrity Tests

The objective of these tests was to determine the potential for detonator
function upon insertion into a cardboard pallet. Upen completion of the inspec-
tion procedure, the machine ejects the detonators from the indexing dial nest and
transfers them preumatically, with an average transient time of approximately 300
milliseconds at an cperational pressure of 345 kPa (50 psi). Again, these tests
were to be conducted at a maximum allowabie pressure of 689 kPa (1G0 psi). Accep-
tance test criteria was to be non-functioning when the detonators were inserted
preumatically into the shipping trays. This test configuration is shown in fig-
ure 6. A minimum of 50 tests (10 exploratory and 40 confirmatory) were to be
conducted at maximum pressure.

INSTRUMENTAT ION

Pressure me~surement< fcr the reject detonator cortainer were to be obtained
using two strain gauge pressure transducers. A DYNISCO Model PT 1196-50 [0-3447
kP2 (0-50 psi)] and an B Eiectronics Model 151-15C-194 [0-1724 kPa (0-250 psi)i
were attached to the reject container through a common port The transducers were
to be pneumatically calibrsted pricr to the beginning of each test series to
correspond to the maximum output of the transducer. A Chromel/Alumel thermocouple
was to be installed in the fixture to measure the reaction temperature. Instrumenta-
tion setup is shown in figure 7.
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RESULTS

DATA ANALYSIS

Initally, exploratory tests were conducted in which a reversal type of re-
action was obtained. That is, when the initial test setup of the seri_s did not
cause an acceptor item to function, then the item was subjected to a more severe
donor reaction (i.e., closer distance) until the azceptor item was caused to func-
tion by the donor reaction. When this occurred, a distance at which there was no
acceptor reaction was empirically dz=termined. Once this distance was verified,

a series of coufirmatory tests were performed to provide statistical validity,

The probability of the occurrence of a propagation is dependent upon the
degree of certainty or confidence level involved and has lower and upper limits.
The lower limit for all confidence levels is zerc, and the upper limit is a func-
tion of the number of nbservations of the acceptor items tested without a reaction.
Each observation is independent of each of the other observations, having a con-
stant probability of occurrence. The number of reactions (x) in a given number of
observations (n) will have a binomial distribution. The estimated probability (p)

of a reaction occurring is represcnted by the expression

o =x/n . Q)
The expected value of x is given by:
E(X) =ne . (2

Each confidence level will have a specific upper limit (p;)} depending upon
the number of observations involved. The upper probability limit for a given con-
fidence level (=) where a reaction is not observed is expressed as:

Q-ppt =€ , 6]

vhere E = (1 -~ «)/2 and « < 1,0 . (&)

Fifty confirmatory tests should result in a 7.11 perceat probability at a 95
percent confidence level.
TEST RESULTS

Test results are shown in tables 1 through 7; figures 8 through 13 are se-
lected photographs of test results. Exploratory tests are noted by an {E} prefix
and the confirmatory tests are denoted by a (C) prefix. If the i0 exploratory
tests did not react, they were counted as part of the tstal confirmatory tests.
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DISCULSION

Phase 1: Input/Output Transfer Tube Tests

Test results of a single detcnatnr with a single acceptor are given in
table 1. A total of 10 exploratory ani 40 corfirmatorv tests were counducted.
The outer staeld did not rupture, but 4 slight bulge was noticeable after every
tnree or four initiatiens. The doner detonator was preumatically transported
through a 609.6-mr (24-~in) plastic tube striking a {irfng pin; an acceptor
detcnator was parallel. The donor inner plasti: tube would rupture zt the point
of initiation. The acceptor detcnator would function and the acceptor inner tube
would also rupture. In 12 of the 50 tests. the acceptor dersnator did not func~
tir-:. This was caused by olow-back pressure when the donor detonator was being
tra.sported. The outer shicld was eifective in preventing fragment.tion when &
single donor detonator aud a single acceptor deteondtor were simultaneously ignited.

Table 2 shows result: of the multiple detonator transport tests. ‘‘hen three
donors nd three acceptors were initiated, a sma:l hole 6.35 mm {0.25 in.) in dia-
meter was made in the outer shield. Figures &, 9, ané 10 show visible rcsults of
these tests. The diameter oi the hole increased with each successive tast when
addatioral accepter and donor deton ters were added. The exploratory tests using
five don r and fiv:i acceptor detona.ors resulted in z 25.4 mm (1 in.) hole in the
Lexan® tube. Since the outer shield tubing was not defeated using two douner and
twc acceptor detonations, the confirmatory tests were conducted in this configura-~
tion. Tnere was no rupture of the cuter shield but chere was noticeable buiging.

Fhase 2: Tntra-Tray Propagation Test

Table 3 depicts the results of these tests. The initial exploratory aud con-
firmatory tests were cunducted at a height of 19.05 rma (0.75 in). However, at
test ~usher €27 there was complete detonation of all 5G stab detonators. The
Lexaa® sh.ield was shattered and the test fixture was dameged. The damage is shown
in figures 11, 12, and 13. Based upon the test resulcs, the heizht of the shield
was raised to 38.1 mm (1.5 iny. Propagation of two detonators cccurved on test
nurper 11. XNeither acceptor detorator was adjacent to the donor. The height of
the shield was raised to 50.8 mm (2 iny ané 50 confirmatory tests were conducted
without incident. Because intra-propagation did not occur at this height [50.8 mm
(2 in)}, the multa-tray tests were not cengucted.

Phase 3: Indexing Dial Spacing

A total of 10 exploratory and 40 confirmatory tests were coaducted. There
was no propagation between doror and acceptor. However, the test fixture supplied
by MRC had to be refurbished after six to ten tests due to the uamage by the donor
reaction. On tests E4, Cl, C2, and C6 the acceptor had evidence of flash burns
from the donor reactica. The test results are showm in table 4.

Phase 4: PYejected Detorator Container

Test results are given in zable 5. The initial test series consisted of three
tests, each with 20C stat detonators ip the reject container. The average pressure
was 2523 kPa (366 psi) ard the average temperature was 1350°C. Therc was no failure
cf the pressure vesse!. A test consisting of 300 stab detonators resulted in a
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measured pressure value of 2889 kPa (419 psi) and a temperature measuremeut of
173°C. The 500 stab detonator test caused no failure of the pressure vessel,

but there was violent eruption around the flange. The pressure measurement was
3378 kPa (490 psi) and the temperature was 196°C. A single test was conducted

at the 400 detonator level and the vessel reaction was less violent. The maximum
pressure was 2841 kPa (412 psi) and the maximum temperature was 177°C.

A note of caution should be taken in that the reject cdetonztor container used
for these tests was a completely closed vessel, whereas the actual vessel in the
MRC inspection stations has an entry port where the rejected detonators must enter.
The actual reject container, then, would vent the expanding gases.

Phase 5: Indexing Dial Nest Integrity Test

A total of seven exploratory tests were conducted varying the metering value
setting from 5 to 1.5. This represents a transfer rate between 13.7 m/sec to 6
m/sec {85 ft/sec to 20 ft/sec) respectively. There were no reactioas at any set-
ting using 689 kPa (100 psi). A value setting of 1.5 with a transfer rate of 6
m/sec (20 ft’sec) was similar to the transfer rate used by MRC; therefore, the 50

confirmatory tests were conducted at this setting. Test results are given in
table 6.

Phase 6: Shipping Tray Integrity Test

A total of 36 exploratory and 50 confirmatory tests were conducted and the
results are given in table 7. Initially, the stab detonators reacted when trans-
ported at both 690 kPa and 345 kPa (100 psi and 50 psi). Testing was conducted
on this test series until a metering valve was supplied by MRC. The tests were
then repeated utilizing different settings. The final setting on the metering
value was 2.0 as the stab detonators had reacted at settings from 5 to 3. Another
difficulty noticed was that the donor would not always seat into the pallet cor-
rectly. Once a proper valve setting was established, 50 confirmatory tests were
conducted without incident. However, the metering valve setting is critical.
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CCONCLUSIONS

The results of the input/output transfer tuba tests determined that an outer
shield constructed of Lexan® tubing 38.1 mm (1.5 in) OD by 32.0 mm (1.26 in) ID
is effective when two donors and twd acceptors in adjacent inner piastic tubes
ignite simultaneously. Therefore, a maximum rumber of four detonators can ignite
simultaneously without rupturing the outer shield.

Intra-tray propagation can occur when a single detonator is initiated. The
minieum shieid height to prevent intra-tray propagation is establishad as 50.8 mm
(2 in) atove the tray surface.

The MRC spacing of 50 mm between detonators on the incpection dial is suffi~
cient to preclude propagation in the event of an accidental initiation.

The results of the rejected detonator container tests indicate that a maxi-

zum of 300 detonators is the upper limit to preclude serious damage to inspection
machinery.

The results of the indexing dial test indicate that there is no detonator
reaction upon transfer to the dial nest at trancfer rates up to 13.7 m/sec. How-
ever, the zetering valve setting is critical.

The results of the shipping tray integrity tests indicate that a safe trans-
fer is possible when using the MRC metering valve, and the setting on the valve
should not e:ceed the number 2.0 setting.

RECOMMENDATIONS

Based upon the test results, it is recommended that the findings of this re-
port shkould be considered in the design, acceptance, and operation of the MRC
Avtomated Inspection Equipment for M55 Stab Detonators.
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Input/output transfer tube results

Table 1.

Donor Acceptor Shield
Test Temperature Humidity Pressure reaction reaction rupture ‘
pomper | © [ 0D i = “’M&m
El 21,1 (70) 50 276 (40) X . X . X - i
E2 21.7 1 (21) 49 276 | (40) X X X
E3 22.2 (72) 49 276 | (40) X X X
E4 22,2 (22) 48 276 (40) X X X
ES5 22,2 (72) 48 276 (40) X X X
E6 20.0_ | (68) 53 76 | (40) X X X
E7 20.6 (69) 52 276 | (40) X X X
E8 22.8 (@) 50 345 | (50) X X X
E9 23.9 (15) 49 345 (50) X X X
El1O 25.0 17 42 345 (50) X X X
Ccl 25.6 (78) 42 345 (50) X X X
c2 25.6 (78) 42 345 (50) X X X
Cc3 22,2 (72) 46 345 (50) X X X
C4 22.2 (72) 46 345 (50) X X X
CS 22,2 (72) 46 345 (50) X X X
Cé 22.2 (72} 46 345 (50) X X X
c? 22,2 (22) 46 345 | (50) X X X
c8 22.2 (72) 46 345 {50) X X X
cs 13.9 (57 50 345 (50) X X X
Ccl0 13.9 (57) 50 345 (50) X X X
cll 13.9 (5N S0 345 (50) X X X -
ci2 15.9 (57 50 345 (50) X X X
cl3 13,9 (57) 50 345 (50) X X X
Ccla 9.4 (67) 45 345 (50) X X X
Cl5 9.4 (67) 45 345 (50) X X X
Cclé 9.4 (67) 45 345 (50) X X X -
cl? 15.4 (61) 45 345 (50) X X X
C18 19.4 (67) 45 345 (50) X X X
Cl19 19.4 (67) 45 345 (50) X X X
C20 19.4 (67) 45 345 (50) X X X -
C21 22,2 (72) 42 345 (50) X - X X
Cc22 22,2 (72) 42 345 (50) X X X
€23 22.2 (72) 42 345 (50) X X X
C24 22.2 (72) 42 345 (50) X X X
C25 22,2 (72) 42 345 (50) X X X
Cc26 22.¢ (72) 54 345 (50) X X X
c27 22.2 (72 54 345 (50) X X X
ca8 22.2 (72) 54 345 (50) X X X
Cc29 22.2 (72) 54 345 (50) X X X
c30 22,21 (72) 54 345 (50) X X X
C31 18.3 (65) 46 345 (50) X X X
€32 18.3 (65) 46 345 (50) X X X
€33 18.3 (65) 46 345 (50) X X X
C34 18.3 (65) 46 345 (50) Y X - X
Cc35 18.3 | (65) 46 345 (50) X X X
c36 18.3 ; (65) 46 345 (50) X X X
c37 18.3 | (65) 46 345 (50) X X X
c38 18.3 | (65) 46 345 (50) X X X
c39 18.3 | (65) 46 345 {50) X X X
C40 18.3 | (65) 46 345 (50) X X X
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Table 2. Multiple detonator in input/output transfer tube test results
®ssber
of Denor acceplor Shield
Test donos/ Yeaperatute audity Pressure reactisa reaction Teptuce
ousber accestor C Th z %P2 | (ps1) | Yes J %o | Yes %o | Yes| No § sexarva
£l 2 8.3 ] {65) &5 345 50) X £ ) 4 Bulge in
~uter shield
€2 373 23.3 1 (7% 53 WS 01 x X 3 0.25" disecte
Bole 1o outer
shield
£3 10 232 ) (74) 32 b} )| X X X 05" dlemeter
hole in outer
shirld
&5 5is 23.3 | (33) 42 343 {50) X x X 1% dimmater
hole iz outer
ahield
ct 272 18.3] (6% 45 Hs 1 0| £ X X | Bolge 1o
o.ter shield
3] 272 18.3 | (63) &5 45 (50) X X X Belige 12
outer shield
€3 2 18.3 ] €65) &3 K51 (0) z X I Bulge 1a
outer shield
3 £17] 7233 | (7%} 3] %51 M| X X Xt Buige is
ouz2r shield
553 E2] 23.3 | (76 33 o5t (| X 13 X | hige >
outer shield
3 277 23.3 | U9 a2 R"S ) (0] X X X Taulge In
1 outer shield
<7 2 233 | (0 [%] W3 ey x X X | Salge in
cuter _shieid
=3 N 73.3; O& %) W o1 x 3 X | Buige 1a
octer shieid
5] KH 233§ %) <2 ¥ | OV X X X § Sulge iz
— —} ocutey skield
<6 E77] 23.31 G 50 3% 1 S0y} < 3 T} Sulge in
l l outer shield
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Table 3,

Intra-tray propagation test results

Donor Donor Intra-

Test Temperature | Humidity index llelght reaction | propagation

number | °C Cr) % number | mm {in) | Yes| No Yes 5. | Remarks

El 26,1 (79) 49 24 19.05 | (0.75) X X

E2 26.7 (80) 49 24 19.05 | (0.75) X X

E3 26.7 (80) 49 23 19,05 (0.75)f{ X X

E4 26.7 (80) 48 22 19.05 | (0.75)] X X

E5 20.0  (68) 34 22 19.05 (0.75) X X

E6 20.0  (68) 34 23 19.05 (0.75 X X

E7 20.0 (68) 34 28 19.05 (0.75)] X X

E6 20.0 (68) 34 23 19.05 | (0.75)}] X X

E9 20.0  (68) 34 28 19.05 { (0.75)] X X

E10 20.0  (68) 34 23 19.05 (0.75)} X X

Cl 20.0  (68) 34 23 19.05 (0.75) X X

Cc2 21.1 (70) 34 18 19.05 | (0.75){ X X

Cc3 21.1 (70) 47 19 19.05 (0.75)] X X

Ch 22,2 (72) 35 23 19.05 (0.75)] X X

C5 22.2 (72) 35 24 19,05 1 (0.75)] X X

Cé 2.2 (72) 35 27 19.05 (0.75)] X X

C? 22.2 (72) 35 29 19.05 (0.75)] X X

c8 22,2 (7)) 35 30 19.05 | (0.75){ X X

Cc9 22.2 (72) 35 32 19.05 | (0.75)[ X X

Cl0 22.2 (72) 35 33 19.05 (0.75) X X

Cll 22.2 (72) 35 34 19.05 0.75)] X X

c12 22.2 (72) 35 12 19,05 (0.75)] ‘X X

cl3 22.2 (72) 35 13 19.05 (0.75) X X

Cl4 22.2 (72) 35 14 19.05 [ (0.75)] X X

Cl15 22,2 (72) 35 29 19,05 (0.75)] X X

Clé 22,2 (72) 35 28 19.05 0.75)] X X

Cl7 22.2 (22) 35 27 19,05 {0.75) X X

Ccl8 22.2 (72) 35 24 19.05 | (0.75)] X X

cl9 22,2 (72) 35 23 19.05 (0.75)] . X . X

c20 22,2 (72) 35 22 19,05 | (0.75 X X

c21 22.2 (72) 35 32 19.05 (0.75 X X

Cc22 22.2° (72) 35 33 19.05 | (0.75)] X X .

c23 20.6 (69) 70 29 19,05 0.75)} X X Complete tray detona-
‘ted: Lexan® ghield
“'destroyed

Dl 22,2 (72) 68 23 38.1 (1.5) X X -

D2 22.2  (72) 68 28 38.1 (1.5) X X

D3 22,2 (72) 68 23 38.1 (1.5 X X

D4 22.2 (12) 85 19 8.1 (1.5) X X

D5 22.2 (72) 85 22 38.1 (1.5) X X

D6 22.2 (72) 85 28 38,1 (1.5) X X

D7 22.2 (72) 85 19 8.1 (1.5) X X

D8 22,2 (72) 85 17 38.1 (1.5) X X

D9 22.2 (7)) 85 12 38.1 {(1.5) X X

D10 22.2  (12) 85 13 38.1 1.5) X X :

Dil 25.6 (78) 74 14 38,1 (1.5) X X #16 and 35 acceptor
detonators reacted

Al 26.7 (80) 80 29 50.8 (2.0) X - X

A2 26.7 (80) 80 24 50.8 (2.0) X X

Al 27.8  (82) 80 19 50.8 (2.0) X X

A 27.8 (87) 79 29 50.8 (2.0) X X
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Table 3.

Intra-tray propagation test results (cont)

Donor Donor Intra-
Test | Temperature | Humidity index Height reaction |propagation '
number :C l E:FZ % number mm [ (in) | Yes I No Yes | No | Remarks
—————e e ———e——————
AS 27.8 | (82) 79 22 50.8 (2.0) X X
A6 27.8 (82) 79 24 50.8 (2.0) X X
A7 27.8 (82) 79 22 50.8 (2.0) X X
A8 27.8 (82) 79 17 50.8 (2.0) X X
A9 31.1 (88) 65 28 50.8 (2.0) X X
AlQ 31.1 (88) 65 27 50.8 {2.0) X X
All 31.1 (88) 65 29 50.8 (Z2.0) X X
Al2 31.1 (88) . 65 - 17 50.8 {2.0) X X B
Al3 31.1 (88) 65 19 50.8 (2.0) X X
Al4 31.1 (88) 65 13 50.8 (2.0) X X
AlS 3l1.1 (88) 60 14 50.8 (2.0) X X
Alb6 31.1 (88) 60 12 50.8 (2.0) X X
Al7 3l.1 (88) 60 17 50.8 (2.0) . X X
Al8 3.1 (88) 60 33 50.8 (2.0) | X X
Al9 29.4 (85) 60 32 50.8 (2.0) X X
A20 29.4 (85) 60 34 50.8 (2.0) X X
A2l 27.8 (82) 56 37 50.8 (2.0) X X
A22 26.7 (80) 55 39 50.8 (2.0) X X-
A23 26.7 (80) 55 32 50.8 (2.0) X X
A24 26.7 (80) 55 33 50.8 2.0) X X
A25 26.7 (80) 55 32 50.8 (2.0) X X
A26 23.9 | (75) 65 34 50.8 (2.0) X Y
A27 23.9 (75) 65 33 50.8 (2.0). X X -
A28 23.9 | (75) 65 32 50.8 (2.0) 1 X X
A29 23.9 (75) 65 29 50.8 (2.0) X X
A30 23.9 (75) 65 27 50.8 (2.0) X X
All 23.9 | (75) 65 24 50.8 (2.0) X X
A32 23.9 (75) 65 38 50.8 (2.0) X X
A3l 23.9 (75) 65 34 50.8 (2.0) X X
Ad4 23.9 (75) 65 38 50.8 (2.0) X X -
A35 26,7 (80) 55 18 50.8 (2.0) X X
A36 26.7 (80) 55 23 50.8 (2.0) X X
A37 26.7 | (80) 55 28 50.8 (2.0) X X .
Al8 26.7 | (80) 55 23 50.8 (2.0) X X
A9 26.7 (80) 55 32 50,8 (2.0) X X
A40 26.7 | (80) 55 28 50.8 (2.0) X - X
A4l 26.7 (80) 55 27 50.8 (2.0) X X .
A42 26.7 (80) 55 18 50.8 (2.0) X X
A43 26.7 (80) 55 17 50,8 (2.0) X X
Abbh 26,7 (80) 55 19 50.8 2.0) X X -
A4S 26.7 (80) 55 28 50.8 (2.0) | X X
ALb 26.7 (80) 55 17 50.8 (2.0) X |~ X
Ab47 26.7 (80) 55 28 50.8 (2.0) | X - X
A48 26.7 (80) 55 24 50.8 (2.0) X X
A49 26,7 | (80) 55 34 50.8 (2.0) X X
A50 26.7 (80) 55 38 50.8 (2.0) X X
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Table 4. Phase 3, indexing dial spacing test results

Donor Acceptor

Test Temperature Humidity reaction | reaction E

number ’C C°F) y Yes] No | Yes] No | Remarks I
El 25.0 (77) 42 X X -Acceptor round shifted in position

E2 25.0 § (77 43 X X Acceptor round blown from fixture

E3 25.6 | (78) 47 X X ‘ : :
E4 25.6 (78) 44 X X Acceptor has flash mark from donor g
ES 25.6 | (78) 44 X X - i .
E6 20.6 | (69) 53 X X
E7 21,1 (20) 51 X X E
E8 21.7 1 (7)) 52 X X -

E9 20.0 | (68) 70 X X Refurbish fixture new firing pin
E10 20.0 | (68) 70 X X
Cl 20.0 (68) 70 X X Acceptor has flash burns from donor
Cc2 20.0 | (68) 70 X X Acceptor has flash burns
C3 20.0 | (68) 70 X X
C 20.0 | (68) _ 70 X X
C5 20.0 (68) 70 X X Refurbish test fixture
Cé 20.0 (68) 70 X X Acceptor has flash burns
C7 20.0 (68) 70 X X
C8 20.0 | (68) 70 X X
C9 20.0 (68) 70 X X
Cl0 20.0 (68) 70 X X
Cll1 20.0 (68) 70 X X
C12 23.9 75) 70 X X Refurbish test fixture *
Cl3 23.9 (75) 44 X X
Cl4 23.9 (75) 44 X X
Cl5 23.9 | (75) 44 X X
Cl6 23.9 | (7% 44 X X
c17 23.9 | (75) 44 X X
C18 23.9 | (75) [ X X Refurbish test fixture
Cl19 15.0 (59) 54 X X
Cc20 15.0 (59) 54 X X
C21 15.0 | (59) 54 X X
C22 15.0 | (59) 54 X X
c23 15.0 | (59) 54 X X
C24 15.0 | (59) 54 X X
C25 15.0 (59) 54 X X
C2b 15.0 (59) 54 X X
€27 16.7 | (62) 54 X X
C28 16.7 | (62) 54 X X
Cc29 16.7 1 (62)- 1 - 54 X X
C30 16.7 (62) 54 X ; X Refurbish test fixture
c3l 16.7 1 (62) 54 X X
C32 16.7 | (62) 54 X X
€33 16.7 (62) 54 X X
C34 16.7 (62) 54 X X
C35 16.7 (62) 54 X X
C36 16.7 | (62) 54 X X
C37 16.7 (62) 54 X X
Cc38 16.7 (62) 54 X X
c39 16.7 (62) 54 X X
C40 16.7 (62) 54 X X

13

P A e e T S R A



ool

&
¥
]
<3
k-
P;
Y
r4

(i

gLt el

£4

Table 5. Phase 4, test results for rejected detonator container

Number
n::ls::r detozitors k::ess‘(l;:l) E_:-E'“l%_- Remarks
1 200 2668 (387) ] 156 ](312.8) | Reaction self contained
2 200 24411 (354) | 149 {(300.2) | Leak at flange
3 200 2468] (358) | 144 |(291.2) | Pressure vessel held
4 300 2889 | (419) | 173 {(343.4) | Pressure vessel held
5 400 3130 (454) | 177 ](350.6) | Slight pressure veat througk flange
6 500 3413 (495) | 196 }(384.8) | Violent venting around flange area

14




Table 6.

Indexing dial and nesting test results

Transfer Metering Donor Detonator
Test Temperature | Humidity pressure Valve reaction aligned
numper | °C (°F) % kPa I (psi) | Setting Yes| No | Yes No | Remarks
———e e
El 22.2 (72) 56 689 | (100) 2.0 X X Txfr rate is 25 ft/sec
E2 22.2 1 (72) 56 689 | (100) 2.5 X X Txfr rate is 27 ft/sec
E3 22.21 (72) 55 689 | (100) 3.0 X X Txfr rate is 30 ft/sec
ES 22,217 (72 55 689 | (100) 3.5 X X Txfr rate is 35 ft/sec
ES 22.2 (72) 55 689 { (100) 4.0 X X Txfr rate is 38 ft/sec
E6 22.21 (Y 55 689 1 (100) 4.5 X X Txfr rate is 40 ft/sec
E7 22.2 (72) 55 689 {100) 5.0 X X Txfr rate is 45 ft/sec
Cl 22.8 (73) 55 689 (100) 1.5 X X Txfr rate is 20 ft/sec
c2 22.87 (73) 55 689 | (100) 1.5 X X Less scaring of plas-
tic tube
b3 22.8 (3 55 689 (100) 1.5 X X
Cé4 22.8 (73) 55 689 (100) 1.5 X X
C5 22.81 (723) 55 689 | (100) 1.5 X X
Cé 23.3 (74) 52 689 (100) 1.5 X X
Cc? 23.31 (74) 52 689 | (100) 1.5 X X
c8 23.3 ] (34) 52 689 | (100) 1.5 X X
c9 23.3] (74) 52 689 | (100) 1.5 X X
c10 23.3 | (74) 52 689 1 (100) 1.5 X X
cll 23.3] (74). 52 689 | (100) 1.5 X X
Cl2 23.3 (74) 52 689 (100) 1.5 - X X
C13 23.31 (74) 52 689 { (100) 1.5 X X
Cl4 23.3 (74) 52 689 (100) 1.5 X X
Cl5 23.3 (74) 52 689 (100) 1.5 X X
Clé 23.3 (74) 51 689 (100) 1.5 X X
Cc17 23.31 (8 51 689 | (100) 1.5 X X
cl8 23.3 ] (74) 50 689 | (100) 1.5 X X
Cc19 23.3 1 (74) 50 689 | (i00) 1.5 X X
C20 23.3 (74) 5¢ 689 (100) 1.5 X X
C21 23.3 (74) 50 689 (100) 1.5 X X
c22 23.9 (75) 50 689 (100) 1.5 X X
C23 23.91 (75) 50 689 | (100) 1.5 X X
C24 23.9 (75) 50 689 {100) 1.5 X X
C25 23.9 ] (75) 50 689 | (100) 1.5 X X
C26 23.9 (75) 50 689 | (100) 1.5 X & X
c27 23.9 (75) 50. - 689 | (100) 1.5 X X
C28 23.9 (75) 50 689 (100) 1.5 X X
C29 24.4 (76) 49 689 (100) 1.5 X X
C30 24.4 1 (76) 49 689 | (100) 1.5 X X
C31 24 .4 (76) 50 689 (100) 1.5 X X
C32 24,4 (76) 50 689 (100) 1.5 X X
C32 | 24.4 (76) 50 689 | (100) 1.5 X X
C3 24.4 (76) 50 689 [ (100) 1.5 X .
C35 24.4 (76) 50 689 | (100) 1.5 X X
C36 24.4 (76) 50 689 (109) 1.5 X - X
C37 24.4 (76) 5] 689 00) 1.5 X X
C38 24.4 (76) 53 689 (100) 1.5 X X
Cc39 24.4 (76) 53 689 {100) 1,5 X X
C40 24.4 (76) 53 689 (100) 1.5 X X
C41 24.4 (76) 53 689 | (100) 1.5 X X
C42 24.4 (76) 53 689 | (100) 1,5 X X
C43 24.4 1 (76) 53 689 | (100) 1,5 X X
Cdd 24.4 (76) 53 689 | (100) 1,5 X X
C45 24,4 (76) $3 689 | (100) 1.5 X X
C4b 24,4 | (76) 53 689 | (100) 1.5 X X
cai 24,4 (76) 53 689 | (100) 1.5 X X
C4B 24,4 (76) 53 689 | (100) 1.9 X X
C49 24.4 (76) 53 689 | (100) 1.5 X X
€50 24,4 (76) 53 689 | (100) 1,5 X X
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Table 7. Shipping tray integrity test results

Transfer | Metering Donor Detonator
Test Temperature | Humidity | pressure valve reaction aligned

number | °C (°F) b4 kPa | (psi) | setting Yes] No | Yes ] No Remarks

El 23.9 1 (75) 50 689 |(100) N/A X X Detonation

E2 23.91 (75) 50 689 }(100) N/A X X Detonation

E3 23.91 (%) 50 345 1 ( 50) N/A X X

E4 23.9 (75) 50 345 ( SO) N/A X X Detonator was side-
ways in pallet

ES 23.91 (75 50 345 1 ( 50) N/A X X

E6 26.1 ] (79) 62 345 ] ( 50) N/A X X

E7 26.1 (79) 62 345 | ( 50) N/A X X Detonator sildeways
in pallet

E8 6.1 (79) 62 689 |(100) N/A X X Detonator not

: seated correctly

E9 26.7 ] (80) 63 689 }(100) N/A X X

El0 26.7 ] (80) 63 689 | (100) N/A X X Missed hole in pallet

Ell 16.1 61) 50 689 ] (100) N/A X X

El2 16.1 (61) 50 621 | ( 90) N/A X X

El3 16.1 61) 50 552 {( 80) N/A X X

El4 16.1 (61) 50 483 {( 70) N/A X X

El5 16.1 (61) 50 414 [ ( 60) N/A X X

Elé 16.1 (61) 50 345 | ( 50) 5.0 X X Installed metering
valve

E17 16.1 (61) 50 345 1 ( 50) 4.0 X X

El8 16.1 (61) 50 552 | ( 80) 3.0 X X

E19 16.1 (61) 50 345 1 ¢ 50 3.0 X X

E20 16.1 (61) 50 345 1 (50 3.0 X X

E21 16,1 (61) 50 483 1 ( 70) 3.0 X X

E22 16.1 (61) 50 552 | ( 8O) 3.0 X X

E23 24.4 (76) 65 621 |( 90) 3.0 X X

E24 24,4 (76) 65 655 | ( 95) 3.0 X X

E25 24.4 1 (76) 65 676 [ ( 98) 3.0 X X Donor had a dent in

. it from bouncing out
- ) of tray

E26 24.4 (76) 65 689 | (100) 3.0 X X

E27 24.4 (76) ud 689 | (100) 2.0 X X

E28 24,4 (76) 65 689 [ (100) 2.0 X X

E29 24,4 (76) 65 689 |(100) 2.0 X X

E30 24.4 (76) 65 689 {(100) 2.0 X X

E3l 22.2 (72) 65 689 {(100) |. 2.0 X X

E32 22.2 (72) 65 689 |(100) 2.0 X X

E33 22.2 (72) 65 689 ]1(100) 2.0 X X

E34 22.2 (72) 65 689 1(100) 2.0 X X

E35 22,2 (72) 65 689 1(100) 2.0 X X

E36 22.2 (72) 65 689 | (100) 2.0 X X

Cl 26,7 (80) 40 689 [(100) 2.0 X X

Cc2 26.7 (80) 40 689 [(100) 2.0 X X

c3 26.7 (80) 40 689 {(100) 2.0 X X

Céh 26.7 (80) 40 689 §(100) 2.0 X X

cH 26,2 (80} 40 689 {(100) 2.0 X X

Cé6 26,7 (80) 40 689 1(100) 2.9 X X

c? 26.7 (89) 40 689 |(100) 2,0 X X

c8 26.7 (80) 40 689 |(100) 2,0 X X
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Table 7. Shipping tray integrity test results (cont)
Transfer Mctering Donor Detonator
Test Temperature Humidity pressure valve reaction aligned

number °c (°F) % kPa | (psi) | setting Yes | No | Yes No Remarks
c9 26.7 (80) 40 689 | (100) 2.0 X X

Ccl0 26.7 (80) 40 689 (100) 2.0 X X

Cil 26.7 (80) 40 689 | (100) 2.0 X X

Ccl2 26.7 (80) 40 689 ] (100) 2.0 X X

Cl3 26,7 (80) 40 689 | (100) 2.0 X X

Cl4 26.7 (80) 40 689 | (100) 2.0 X X

Cl5 26.7 (80) 40 6891 (100) 2.0 X X

Clé 26.7 (80) 40 689 | (100) 2.0 X X T
Cl7 26.7 (80) 40 689 | (100) 2.0 X X

Ccl8 26.7 (80) 40 689 | (100) 2.0 X X

Ccl19 26.7 (80) 40 689 | (100) 2.0 X X

Cc20 26.7 (80) 40 689 | (100) 2.0 X X

c21 26,7 (80) 40 689 | (100) 2.0 X X

Cc22 26.7 (80) 36 689} (100) 2.0 X £

C23 26.7 (80) 36 689 | (100) 2.0 X X

C24 26.7 (80) 36 689 | (100) 2.0 X X

C25 26.7 (80) 36 689 | (100) 2.0 X X

C26 26.7 (80) 36 689, (100) 2.0 X X

c27 26.7 (80) 36 689 | (100) 2.0 X X

Cc28 26,7 (80) 36 6891 (100) 2.0 X X

C29 26.7 (80) 36 6891 (100) 2.0 X X

C30 26.7 (80) 36 689 1 (100) 2.0 . X X

C32 26,7 (80) 36 689 (100) 2.0 X X

c33 27.8 (82) 35 689 ] (100) 2.0 X X

Ci4 27.8 (82) 35 6891 (100) 2.0 X X

C35 27.8 (82) 35 689 | (100) 2.0 X X

C36 27.8 (82) 35 689 { (100) 2.0 X X

Cc37 27.8 (82) 35 689 | (100) 2.0 X X

C38 27.8 (82) 35 | 689 (100) 2.0 X X

Cc39 18.3 (65) 68 6891 (100) 2.0 X X

C40 18.3 (65) 68 689 | (100) 2.0 X X

C41 18.3 (65) 68 6891 (100) 2.0 X X

C42 18.3 (65) 68 6891 (100) 2.0 X X

C43 18.3 (65) _ 68 689 | (100) 2.0 X X

Ch4 _18.3 (h5) 68 689 | (100) 2.0 X X

C45 18.3 (65) 68 6891 (100) 2.0 X X

Cab 18,3 | (65) 68 | 689] (100) | 2.0 X X

C47 18.3 (65) 68 AR [ (100) 2.0 X X

C48 18.3 (65) 68 689 (IOOl‘h 2.0 X X

C49 18.3 (65) 68 6891 (100) 2.0 X X

€50 18.3 (65) 68 6891 (100) 2.0 X X
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Shield
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E: suppor:s

3 Aluminum —
E: tti:;onator Conveyor shield,

- Y Lexan® 152.4 mm x 12.7 mn
(6 in by 0.5 in)

4 L\‘ 3
d

Shield height varied from
19.U5 to 50.8 ma
(0.75 tc 2.00 im)

T
Fiting pin L“‘ siomlated

assembly corveynr
supplied bv 152.4 vm x 12.7 wm
YRC % in x 0.5 in)

6.35 mn
(0.25 in)

's L/“-Base support 4
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Fircing
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3 Figure 2. Intra-trzy propagation test setup (typical)
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1
0

” 431.8 um

(17 in)
DYNISCO Model PT119G-50
C.3447 kPa (0-500 psig)
Chromel-alumel thermocouple MB Electronics Model 151-1SC-194
0-1365°C 0-1724 kPa (0-250 psi)
(32-21499:1“)
“ 777 777 //I////'/////'I'I
/ 7 12.7 mz
Rubber gasket / 0.5 in)
1010 Cord rolled - 5 A
carbon steel pipe — Aatf—
393.7 / 19.05 wm Wall thickness
.7 mm (0.75 imd
(15.5 1n) |/ /
1
Firing line s & Firing line
_5 <5 BNC coax connector
/ L L ) 12.7 =m
Gy G.5
BNC Coax connector / S A \ in)
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Figure 4. Rejected detonator container
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M55 Stab Detonators °y
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Figure 8. Damage to Lexan® outer shield with 3 donor and 3 acceptor
detonators functioning - Input/output transfer test
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Figure 9. Damage to Lexan® outer shield with 4 donor and 4 acceptor
detonators functioning - Input/output transfer test
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; Figure 10. Damage to Lexan® outer shield with 5 donor and 5 acceptor
4 detonators simultaneously initiated - Input/output irans-
fer test

Figure 11. Damage to test area when 50 stab detonators simultaneously
initiated during intra-tray propagation tests
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Figure 13.

3 Figure 12. Shattered Lexan® shield when 50 stab detonators simultaneously
initiated during the intra-tray propagation tests

Damage to alumiunum pallet whan 50 stab detonators
situltaneously initiated during the intra-tray
propagation tests
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